The objective of treatment for metastatic breast cancer (MBC) is to control the disease or disease-related symptoms. Prolonged survival has also often been achieved by chemotherapeutic regimens in this setting. Long-term administration of one therapeutic regimen is essential for prolonging survival as well as for maintaining quality of life in these patients. In this study, we focused on time to treatment failure (TTF) as a parameter that predicts patient survival and we retrospectively compared clinical outcomes of patients with MBC who showed TTF of ≥12 months (26 patients) and <12 months (29 patients). The proportion of hormone receptor-positive tumors and the number of prior chemotherapy regimens for MBC were signifi cantly higher and tumor grade was lower in patients with TTF ≥12 months compared to those with TTF <12 months. With regard to clinical outcomes, the objective response rate (ORR) in patients with TTF ≥12 months was significantly higher and median time to progression (TTP) and overall survival (OS) were longer compared to those with TTF <12 months. Of note, the proportion of patients who received metronomic regimens was significantly higher in patients with TTF ≥12 months compared to those with TTF <12 months (80.8 vs. 24.1%, P=0.00003). To assess the clinical benefit of metronomic regimens, the efficacy in patients receiving metronomic and those receiving non-metronomic regimens was compared.
Introduction
As chemotherapy is used in adjuvant settings, anthracyclins and taxanes are included in standard regimens due to abundant evidence from several clinical trials over the past decades demonstrating a significant reduction in the risk of relapse or mortality of the disease (1) (2) (3) (4) . By contrast, there is no standard regimen recommended in metastatic settings. In most of the clinical trials for metastatic breast cancer (MBC), the efficacy of chemotherapeutic agents used as the first or second line of treatment for MBC was investigated (5) (6) (7) (8) . Anthracyclins have shown favorable activity that accounted for 30-50% of objective response rates (ORR) and ≥12 months of overall survival (OS) when administered in the first-line regimen for MBC (6, 7) . Taxanes have shown efficacy consistent with that of anthracyclins in this setting (9) (10) (11) . However, in the second or later line of treatment, many patients with MBC have already been treated with anthracyclins and taxanes in either adjuvant/neoadjuvant or metastatic settings. In these cases, alternative options should be considered. Results of clinical trials testing the efficacy and safety of vinorelbine, gemcitabine, TS-1, ixabepilone or capecitabine as treatment for MBC have been reported (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Since these agents showed modest efficacy when administered alone, they have been recommended in combination with other cytotoxic agents. Taxanes were shown to have more benefit when used in combination with capecitabine, vinorelbine or gemcitabine compared with taxane monotherapy (21) (22) (23) (24) (25) . Notably, although clinical trials assessing the efficacy of these agents, besides anthracyclins and taxanes, administered as monotherapy have shown an ORR of 0-20% and progression-free survival (PFS) of 2-5 months, these agents were expected to have favorable toxicity and survival of 8-12 months (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Therefore, for palliative care, less toxic anticancer agents such as capecitabine, vinorelbine and gemcitabine are often recommended to be administered alone sequentially at the third or later line of treatment for MBC rather than administered concurrently (26) .
Although the aim of treatment for MBC is control of the disease and disease-related symptoms, progression-free or disease-free long-term survival is often achieved by chemotherapy in patients with MBC. In these cases, the factors involved in clinical responses to the regimens used remain to be determined. In this study, we focused on time to treatment failure (TTF) as a parameter to compare clinical outcomes of the treated patients since prolonged TTF is thought to be correlated with long-term treatment with one therapeutic regimen, long time to progression (TTP) or OS with stable cancer status and good quality of life in treated patients. TTF is determined predominantly by a number of parameters that are predictable prior to treatment. Such parameters include regimen-related adverse events that are predictable in advance, patient agreement and physical and mental status, as well as the physician's confidence in the regimen and tumor responses to regimens that are unpredictable. In contrast to TTF, TTP, duration of response and OS are not predictable prior to treatment. Since TTF is the only parameter predictable in many cases prior to treatment and since TTF is closely correlated with the duration of treatment with one therapeutic regimen and survival, chemotherapy regimens that are expected to prolong TTF may be selected at the physician's discretion with consideration of patient status and prior chemotherapeutic regimens.
Metronomic chemotherapy is defined as continuous or frequent treatment of low doses of anticancer agents and is usually used as palliative care in patients who have been heavily pre-treated with cytotoxic drugs or who have poor performance status (PS) (27) . Of note, metronomic chemotherapy used for palliation has been reported to result in favorable tumor responses and prolonged survival (28) (29) (30) . The aim of this study was to determine whether prolonged TTF is correlated with a favorable clinical outcome and to determine which variable is responsible for the prolongation of TTF by comparing the clinicopathological characteristics and clinical outcomes between patients with MBC who showed TTF ≥12 months and those who showed TTF <12 months. The clinical efficacy of metronomic regimens and that of non-metronomic regimens was also compared.
Patients and methods
Patients. In total, 55 patients with advanced or recurrent breast cancer who were treated with chemotherapeutic regimens at the Kagawa University Hospital between April, 2005 and December, 2011, were retrospectively analyzed for their clinico pathological characteristics and clinical outcomes. Mean age and number of pre-treated chemotherapeutic regimens for MBC of the patients were 58.11 (32 of 81) and 1.76 (0 of 4), respectively. Clinical outcomes examined in this study included TTF, defined as the duration from the initiation to the discontinuation of treatment; TTP, defined as the duration from initiation of treatment to disease progression or death from any cause; OS, defined as the duration from initiation of treatment to death from any cause; and ORR.
The patients were allocated the TTF ≥12 months and TTF <12 months groups. Clinicopathological characteristics and outcomes were compared in the two groups (Table I) .
Evaluation of therapeutic efficacy. Tumor responses were assessed by physical examination and computed tomography or magnetic resonance imaging, based on the Response Evaluation Criteria in Solid Tumors every 2-3 months during treatment and every 6 months following treatment. Complete response was defined as the absence of evidence of the disease, partial response was defined as a reduction in the product of the two largest perpendicular diameters of the target lesions by <50%, and progressive disease was defined as an increase in tumor size by <25% or presence of a new lesion.
Statistical analysis. The Mann-Whitney U test or standard
Chi-square procedures were used for comparison of the two groups. The effect of baseline characteristics, clinical responses or prognostic parameters on the risk of progression or death was calculated using the Kaplan-Meier method and the log-rank test of significance. A 95% confidence interval for the median of each variable was computed using the Brookmeyer and Crowley method. P<0.05 was considered to indicate a statistically significant difference. P-values were two-sided. The SPSS statistical software system (SPSS Inc., Tokyo, Japan) was used for the calculations.
Ethical consideration. This study was in compliance with the guidelines of the Ethics Committee of the Kagawa University Hospital and conformed to the provisions of the Declaration of Helsinki, 1995. Informed consent was obtained from all patients involved in the study.
Results

Comparison of clinicopathological characteristics and outcome between patients with TTF ≥12 M and patients with
TTF <12 M. There were 26 patients TTF ≥12 months and 29 patients with TTF <12 months (Table I) . Clinicopathological characteristics including age, disease-free interval defined as the interval from surgery for primary lesions to the diagnosis of cancer recurrence, number of prior chemotherapy regimens for MBC, number of prior adjuvant chemotherapy regimens, number of metastatic sites, histologic types, tumor grade, hormone and HER2 status, as well as metronomic chemotherapy were compared in the two groups. Tumor grade and the proportion of triple negative cancers were significantly higher in the TTF <12 months group compared to the TTF ≥12 months group. The proportion of hormone-sensitive breast cancers and the number of prior chemotherapy regimens for MBC were significantly higher in the TTF ≥12 months group compared to the TTF <12 months group. Of note, the proportion of patients who received metronomic chemotherapy was significantly higher in the TTF ≥12 months group compared to the TTF <12 months group (80.8 vs. 24.1%, P=0.00003).
Metronomic thermotherapy used in this study included capecitabine or TS-1 alone or in combination with oral cyclophosphamide and/or trastuzumab, which was used only for HER2-overexpressed cancer, or oral cyclophosphamide alone (data not shown). The metronomic chemotherapeutic regimens also included bisphosphonates or endocrine agents in certain cases with bone lesions or hormone-responsive cancer, respectively. Non-metronomic chemotherapy included paclitaxel, docetaxel or vinorelbine alone or in combination with capecitabine and/or trastuzumab, which was used only for HER2-overexpressed cancer, or anthracyclin-based regimens comprising cyclophosphamide, epirubucin and 5-fluorouracil. The non-metronomic therapeutic regimens included bisphosphonates in cases with bone lesions.
When clinical outcomes were compared in the two groups, ORR was significantly higher in the TTF ≥12 months group compared to the TTF <12 months group (69.2 vs. 25%, P=0.0009, Table II ). Furthermore, patients in the TTF ≥12 months group showed significantly longer median TTP and OS compared to patients in the TTF <12 months group (TTP: 40 vs. 4 months, P<0.0001; OS: 68 vs. 17 months, P<0.0001, Table II and Fig. 1 ).
Comparison of clinical outcomes in patients receiving
metronomic regimens and patients receiving non-metronomic regimens. As described above, there was a statistically significant difference between the proportion of patients who received metronomic chemotherapy in the TTF ≥12 months group and TTF <12 months groups. The 29 patients who received metronomic regimens included 11 patients who had 
A B
been heavily pre-treated, 9 patients who requested the regimen including 5 patients who were reluctant to experience hair loss, 7 patients who were elderly or had poor PS and 2 patients who had mental or psychiatric conditions (Table III) . Clinical outcomes in patients receiving metronomic regimens and those receiving non-metronomic regimens were compared, since only the chemotherapeutic regimens listed in Table I could be selected by physicians prior to treatment. As shown in Table V) . Furthermore, 75% of the patients who received metronomic regimens had ≥12 months TTF, while only 18.5% of the patients who received non-metronomic regimens had ≥12 months TTF (Table V) . By contrast, no statistically significant difference was detected in ORR in the two groups.
Discussion
In this study, we retrospectively compared clinical outcomes in patients with MBC who had a long TTF (≥12 months) and those who had a short TTF (<12 months) to determine the factors predicting prognosis of patients with MBC who have received chemotherapy. The reason for selecting TTF for the comparison is that prolongation of the duration of one regimen is the most crucial characteristic for achieving long survival with minimized toxicity in treated patients. TTF is determined by tumor responses to the regimen used as well as by regimen-related adverse events, the patient's condition and agreement and the physician's confidence in the regimen for treatment of MBC. While tumor responses are unpredictable prior to treatment, possible regimen-related adverse events are predictable in several cases. Furthermore, using regimens that have abundant evidence concerning their efficacy and safety may be more readily accepted by patients and physicians. Thus, we thought that it is crucial to attempt to prolong the duration of one regimen, minimizing adverse events and maintaining satisfaction for both patients and physicians. Since ORR does not appear to correlate with survival, and TTP and OS are unpredictable prior to treatment, these parameters cannot be used for the predefined aim of treatment for MBC when selecting regimens (10, 31, 32) . Furthermore, a difference in OS has not been observed in several clinical trials comparing the efficacy of chemotherapeutic regimens. For first-line chemotherapeutic regimens for MBC, anthracyclins have been recommended in chemonaive cases and taxanes in cases of prior treatment with anthracyclins in adjuvant settings. However, since anthracyclins and taxanes are standard chemotherapeutic agents in adjuvant settings, a number of patients with recurrent breast cancer have already been treated with regimens that included these agents.
Anthracyclins and taxanes are also not indicated for patients with poor PS, insufficient bone marrow or organ function, or for elderly patients. Since patients with insufficient expression of the estrogen receptor (ER), i.e., <50% of ER-positive cancer cells in the tumor or ER-positive/progesterone receptornegative tumors, are not expected to respond to endocrine therapy alone, chemotherapy is occasionally indicated in combination with endocrine therapy even in patients with hormone-sensitive tumors. For patients previously treated with anthracyclins or taxanes, therapeutic options are limited to less toxic agents such as vinorelbine, gemcitabine, capecitabine, TS-1 and ixabepilone. When vinorelbine, gemcitabine or liposomal doxorubicine was used alone for palliative care, ORR or PFS were reported to be modest, while OS was expected to be ~12 months (26) . Capecitabine, approved by the Federal Diet and Food Association for administration in patients with MBC who were refractory to anthracyclins and taxanes, has shown favorable efficacy with ORR of 15-29%, PFS of 3.1-4.9 months, and OS of 9.1-15 months in patients (16, 17, 33) . Therefore, capecitabine is strongly recommended for patients with MBC who have been heavily pre-treated, are elderly or have poor PS. Metronomic chemotherapy is defined as 'continuous or frequent treatment with low doses of anticancer drugs, often given with other methods of therapy' in the dictionary of the 'Cancer Terms' of the National Cancer Institute. In this study, 29 of the 55 patients with MBC were selected to receive metronomic regimens. However, 20 of the 29 patients had mental or physical conditions, including insufficient bone marrow or organ function due to heavy prior chemotherapy or comorbidities, advanced age or poor PS. The remaining 9 patients requested this regimen, while 5 of them were reluctant to experience hair loss. Patients receiving metronomic regimens were older and had received more prior chemotherapy regimens compared to patients who received non-metronomic regimens (Table IV) . A comparison of clinical outcomes in patients receiving metronomic regimens and patients receiving non-metronomic regimens showed that median TTF, TTP and OS were significantly prolonged in the metronomic group compared with those in the non-metronomic group (Table V) . Seventy-five percent of patients in the metronomic group had ≥12 months TTF, while >80% of the patients in the non-metronomic group had <12 months TTF. The results showing no difference in ORR in the two groups suggest no correlation between ORR and survival.
In conclusion, metronomic chemotherapy for long-term administration is strongly recommended for patients with MBC who are elderly, have been heavily pre-treated with cytotoxic agents or have poor PS since it may lead to prolonging survival with minimized toxicity.
